A cross sectional study was cared out to compare 110 paintmakers exposed to solvents with 110 age matched controls for outcome measures designed to assess cognitive performance and mental health. Hygiene data available for the paintmakers allowed the development of individual indices of solvent exposure and the analyses of health effects in relation to both duration and intensity of exposure. No effects on cognitive fimctioning or mental health were found in the paintmakers. For most of their period of employment the exposure of the paintmakers had been below current occupational exposure limits. The results are therefore interpreted as providing support for the view that long term exposure at or below current compliance levels does not result in damage to the central nervous system. (Occup Environ Med 1994;51:626-630) 
Evidence that long term exposure to organic solvents may damage the central nervous system has been accumulating for many years. In more recent investigations the effects found have tended to be much less severe than those reported in earlier studies and much more subtle in nature, represented by small decrements in performance on neurobehavioural tests.'"3 Although methodological improvements in research may partly account for these differences a further explanation may lie in the reduction of exposure levels that has occurred in many workplaces during the past 30 years. Although the study of solvent related effects has always been a controversial area the neurotoxic potential of many solvents is now generally accepted and much of the present debate therefore seems to centre on the question of the precise level or duration of exposure likely to be associated with health effects. Most current occupational exposure limits, which take into account neurotoxicity, relate only to acute effects as the establishment of a no-effect level is in the short term much less problematic from a scientific point of view to make use of this type of data to define more precisely the levels at which neurobehavioural effects might be found.8 Our study adopted a similar approach in that the population under investigation was drawn from paintmakers employed at two large manufacturing plants, where regular hygiene monitoring had been carried out for many years. The objectives of the investigation therefore were to establish whether long term health effects in the form of impairment of cognitive functioning or mental health were evident in workers manufacturing paint and, if so, whether such effects were related to the extent of solvent exposure as determined by reference to pre-existing hygiene data.
Materials and methods STUDY DESIGN AND POPULATION
A cross sectional design was adopted to compare a group of workers exposed to solvents with a group of unexposed controls on a range of outcome measures selected to assess cognitive functioning, mental health state, and symptoms in relation to solvent exposure. As well as whole group comparisons, the availability of data on past exposure permitted the division of the exposed population into groups and hence allowed the investigation of any dose-effect relations. The exposed population consisted of 110 male paintmakers employed on two sites by a large paint manufacturing company. Potential subjects were selected at random from staff lists of those currently employed in areas of the plant where there was regular solvent exposure. The control population consisted of 1 10 male workers employed at a plant belonging to the same company manufacturing nylon fibre and with no known neurotoxic exposure. Controls were individually age matched, within three years, to exposed subjects. A series of exclusion criteria was applied to both exposed subjects and controls namely, (a) specified previous or existing diseases likely to affect the nervous system, (b) previous head injury involving loss of consciousness, (c) previous or existing alcohol or other drug dependency, and (d) a nonEnglish first language. Also, controls were excluded if they had current or previous notable exposure to solvents in the course of a job or hobby, "notable" being defined as > developed to identify neurotoxic effects in occupationally exposed populations.
As well as these measures information was collected on factors having the potential to influence outcomes. These included (a) information collected with a purpose developed questionnaire on smoking and alcohol consumption, computer experience, recent sleep loss, viral infection, and medication, (b) two measures of premorbid ability, namely the national adult reading test (NART)12 and the neurobehavioural evaluation system (NES) vocabulary test, and (c) a measure of job satis-
The primary objective of the exposure assessment was to divide the exposed subjects, on the basis of their past and current exposure, into reasonably homogenous and defensible groups, to show any dose-effect relation. This was carried out with reference to occupational exposure monitoring data generated from past records of the company. Details of the methods are described elsewhere.'4 Three different retrospective exposure indices for individual subjects were calculated: (a) duration of exposure (y); (b) cumulative exposure representing the sum of the mean daily exposure (8 h time weighted average (TWA)) to solvents (ppm) by years of exposure; (c) intensity of exposure represented by cumulative exposure, divided by duration (y). These indices formed the basis of the exposure groupings used to carry out analyses of dose-effect relations of the various outcome measures.
PROCEDURE
Participants completed questionnaires and neurobehavioural tests on a single session that took place in a room on site immediately before starting the afternoon (2 pm-10 pm) shift. All participants were employed on rotating 8 h shifts and the immediate and long term effects of shift work were therefore standardised across subjects and controls. Exposed subjects had an exposure free period of at least 12 Comparison of the GHQ scores for exposed subjects and controls showed no significant differences in terms of either total scores (mean (SD) 1 -032 (2-02 to 1-39) *P < 0-05. Performance of exposed subjects better than that of controls. tDifference between forwards and backwards span. NART = national adult reading test. Results of these analyses gave no indication of dose-effect relations of any of the three retrospective solvent exposure indices. A significant difference in performance between paintmakers and controls on the continuous performance and colour word vigilance tests was noted in some medium and high exposure groups. As poorer performance occurred in the control group this is unlikely to be a solvent related effect unless one advances the unlikely hypothesis that solvent exposure may enhance performance on tasks with a high attentional loading.
Discussion
The objective of the study was to determine whether workers employed in paint manufacturing showed similar signs of cognitive impairment and mental health problems to those identified in some product users. A particular feature of this investigation was the availability of exposure data that enabled the development of individual retrospective exposure indices. This allowed us to be more precise about the levels of exposure under consideration and to carry out an assessment of possible dose-effect relations with more confidence than in earlier investigations. Exposure indices were constructed, which took into account both the duration and intensity of solvent exposure.
The exposure data indicated that although workers in these factories were occasionally exposed to levels above current occupational exposure limits, average exposures were usually below compliance levels. As the performance of the exposed subjects was not inferior to that of the controls on any neurobehavioural outcomes, either in the highest (>40 ppm) or longest duration (>30 y) exposure groups, these results strongly suggest that workers with moderate levels of exposure (below current occupational exposure limits) do not experience effects on the nervous system even when such exposure takes place over many years.
The study had a number of strengths in that subjects and controls were shown to be well matched in terms of factors such as premorbid ability, educational level, drinking and smoking habits, and familiarity with computers. Possible influences of time of day and shift system were controlled for and there seemed to be no difference in the general level of job satisfaction of the two groups. Some concern may be expressed about the rather low response rate, which had the potential to produce a population bias as well as that which may result from the "survivor" effect, which is an inherent problem in cross sectional studies. One cannot discount the possibility that those who were more seriously affected had either left the workforce or were reluctant to take part. The results of the follow up of non-responders suggested that it was more likely to be the healthier workers who refused to participate, thus the probability of effects being concentrated in the exposed population is increased. Also, the effects under investigation are subtle and preclinical and are likely therefore to be present in workers who are still part of the workforce and to all outward appearances healthy. The finding that the performance of the control group was significantly poorer in two tests was curious and difficult to explain. This was found in both whole group and doseeffect analysis. In the dose-effect analysis it is important to emphasise that "dose" in this context referred to the exposed group and did not necessarily correlate with, for example, years of employment of the controls. In examining possible differences not related to solvents in the working conditions of the two groups only one factor emerged as possibly significant, namely that controls were exposed to higher levels of continuous noise. Some evidence from laboratory based and nonoccupational studies suggests that exposure to continuous noise at levels below that likely to impair hearing may reduce the ability to sustain attention, and that this effect may persist after removal from exposure. 16 17 This is, however, speculative in terms of an explanation and represents an area that might need further investigation. In relation to the objectives of our study it seems reasonable simply to conclude that this difference in performance is not related to exposure to solvents.
As well as an assessment of cognitive performance consideration was given to the mental health (vulnerability to problems of anxiety and depression) of the exposed group. The measures used are sensitive to earlier and more subtle difficulties of the type that would not necessarily come to the attention of the medical department or result in withdrawal from the workplace. There was no indication from our results that the mental health of the exposed group was poorer than that of the controls or in any way unusual compared with that of samples drawn from other working populations. This is perhaps not unexpected in the light of previous evidence that even where some subtle impairments of cognitive function were found in users of solvent based products there was no increased prevalence of mental health problems.3 Similarly the number of symptoms reported, as assessed by a questionnaire that has been used as a screening tool amongst Swedish workers, did not indi- 
